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(54) Polymer composition for coatings with high ref ractivity conductivity and transparency 

(57) Disclosed is a polymer composition for coat- 
ings with high refractivity, conductivity and transparency. 
The composition comprises 2-20 weight % of an aque- 
ous polythiophene-based conductive polymer solution 
having a solid content of 1.2-1.5 weight %; 0.5-20 
weight % of a highly refractive, inorganic sol solution 
having a solid content of 14-16 weight %; 50-97.4 
weight % of an alcohol containing 1-3 carbon atoms; 
0.1-10 weight % of an amide solvent; 0.005-0.1 weight 
% of a water- or an alcohol-soluble resin binder; and 
0.005-0.05 weight % of a sulfonic acid group-containing 
monomer dopant. The composition can be applied to 
CRT external glass and other transparent substrates to 
allow thin films which have a refractive index of 1 .6-2.0, 
a transmittance of 90-98 % and a surface resistance of 
1x10 3 -1x10 8 Q/D. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Description of the invention 

[0001] The present invention relates to a polymer composition for coatings with high refractivity, conductivity and 
transparency. More particularly, the present invention relates to the use of an inorganic sol, an amide solvent and a sul- 
fonic acid group (S0 3 H)-containing monomer dopant, in combination, in improving the refractivity, conductivity and 
10 transparency of a polythiophene-based polymer composition. 

2. Description of the Prior Art 

[0002] Representative of conductive polymers, polyanilines, polypyrroles, and polythiophenes, collectively called 
15 synthetic metal, have been suggested to be applicable for where conductivity and plastic properties are needed, such 
as electromagnetic wave-shielding materials, electrodes for secondary cells, transparent electrodes, etc, by virtue of 
their good conductivity and being easily polymerized. However, because they are very difficult to process in addition to 
being poor in stability against heat, atmosphere and UV light, only a few examples have been proved commercially suc- 
cessful. 

20 [0003] Polyethylenedioxythiophene (PEDT), a conductive polymer, was disclosed as an antistaticity-imparting 
material, such as an antistatic coating, in U.S. Pat. Nos. 5,035,926 and 5,391 ,472, and its development is now being 
watched with keen interest because it is evaluated as solving the problems found in the above conductive polymers. 
With far superiority to polyanilines, polypyrroles and other polythiophene-based compounds in solubility, thermal and 
atmospheric stability, and resistance to UV light, PEDT can be used as a base material for coatings applicable to exter- 
25 nally exposed parts to which the preexisting conductive polymers cannot be applied owing to their poor durability. 
Doped with a polymeric acid salt (e.g., polystyrene sulfonate), PEDT can be dispersed in water, and the dispersion is 
of good compatibility with lower alcohols, such as C1 -C4 alcohol solvents, which are low in boiling point and ecologically 
favorable. The dilution in alcohols allows PEDT to be coated in various forms. Particularly, thin films made of such aque- 
ous dispersions find numerous applications in cathode ray tube (CRT) glasses, plastic film surfaces, etc. Such water- 
so dispersible PEDT polymers are now commercially available, representatively exemplified by Baytron P (Grade A4071) 
from Bayer. 

[0004] To perfectly perform its characteristic functions, a coating for CRT external surfaces is required to be high in 
refractive index as well as conductivity. As being eligible for such a coating, inorganic thin films, such as ATO (antimon- 
tinoxide) and ITO (indiumtinoxide), have been used. A coating structure on a CRT glass panel is shown in Fig. 1. As 

35 shown in Fig. 1 , the coating structure on a CRT glass panel 1 is typically composed of two layers: a high refractive, con- 
ductive layer 2 and a low refractive layer 3. Overlaying the conductive layer 2, the low refractive layer 3 is usually formed 
of Si0 2 . A display which employs an ATO thin film or an ITO thin film as the conductive layer 2 can reduce the reflected 
light intensity of incident light on the CRT glass surface through an interference operation. Because the ATO or ITO thin 
film has a refractive index of 1 .6 or higher, the reflected light from the surface of the ATO or ITO thin film shows a phase 

40 difference from that from the surface of the low refractive layer. This reflection-attenuating function is indispensable to 
almost ail CRTs for computer monitors, near to which are the eyes of the users. 

[0005] Details about the materials and structures of the reflection-attenuating coatings can be referred to U.S. Pat. 
Nos. 5,681 ,885, 5,572,086, 5,652,477 and 5,523,469. 

[0006] As for a conventional PEDT conductive coating solution, it has a refractive index of only 1 .30-1.40, which is 
45 even lower than 1 .54, the minimal Rl value required for CRT glass panels. Thus, superior as they are to the inorganic 
coatings in conductivity and transparency, conventional PEDT coatings have not been applied to CRT external glasses 
because of being insufficient in refractive index. 



[0007] The intensive and thorough research on PEDT conductive thin films, repeated by the present inventors aim- 
ing to develop them for application to CRT glass panels, resulted in the finding that a highly refractive, inorganic sol, a 
dispersion medium comprising an amide solvent, and a sulfonic acid group (S0 3 H)-containing monomer dopant, in 
combination, could improve the refractivity, conductivity and transparency of a polythiophene-based polymer composi- 



[0008] Therefore, it is an object of the present invention to provide a polymer composition, which can be formed into 
a coating with high refractivity, conductivity and transparency. 

[0009] Based on the present invention, the object could be accomplished by a provision of a composition comprises 
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2-20 weight % of an aqueous polythiophene-based conductive polymer solution having a solid content of 1 .2-1 .5 weight 
%; 0.5-20 weight % of a highly refractive, inorganic sol solution having a solid content of 14-16 weight %; 50-97.4 weight 
% of an alcohol containing 1-3 carbon atoms; 0.1-10 weight % of an amide solvent; 0.005-0.1 weight % of a water- or 
an alcohol-soluble resin binder; and 0.005-0.05 weight % of a sulfonic acid group-containing monomer dopant. A thin 
film formed by spin- or spray-coating the composition on a transparent substrate and baking the coating, has a refrac- 
tive index of 1 .6-2.0, a transmittance of 90-98 % and a surface resistance of 1x10 3 -1x10 8 Q/n . 
[0010] The present invention may be understood more readily by reference to the following detailed description of 
preferred embodiments of the invention and the figures. 



w BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] 

Fig. 1 is a schematic cross sectional view illustrating a principle of attenuating reflected light intensity of incident 
15 light on a coating applied to a CRT external glass. 

Fig. 2 is a schematic cross sectional view showing a low-reflective coating structure on a CRT glass, in accordance 
with the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

20 

[0012] The conductive polymer useful in the present invention is PEDT, such as that commercially available from 
Bayer, identified as "Baytron P\ Because of being doped with polystyrene sulfonate (PSS), the PEDT polymer is well 
dissolved in water in addition to exhibiting excellent stability against heat, moisture and UV light. Further, the aqueous 
polythiophene-based conductive polymer solution was found to maintain optimal water dispersibility when comprising 

25 PEDT and PSS at a total solid content of 1 .0-1 .5 weight % (thus, hereinafter, PEDT is referred to as PSS-doped PEDT 
unless the context clearly dictates otherwise). High solubility in water, alcohol, and solvents of large dielectric constants 
makes it easy to prepare a coating solution of high coatability. Furthermore, the coatings have a great advantage over 
those of other conductive polymers, such as polyaniline and polypyrrole, in terms of transparency. 
[0013] In the polythiophene-based composition, the conductive PEDT polymer is preferably used at an amount of 

30 2-20 weight %. For example, if too little PEDT polymer is used, a surface resistance of 10 8 QJu, which is the minimum 
in a commercially valuable aspect of conductive thin films, cannot be achieved. On the other hand, an amount greater 
than 20 weight % leads to good conductivity, but causes a serious problem in that PEDT is gelled along with the highly 
refractive inorganic sol to be described later. Thus, it is unsuitable for the CRT external glass coating which must be 
highly uniform in thickness. In addition, too much PEDT causes the resulting coatings to be lower in transmittance than 

35 90 % because light is shielded by the characteristic color that the PEDT itself retains. 

[0014] The present invention is characterized in that a metal oxide sol is used with the aim of increasing the refrac- 
tive index of the PEDT thin film of the present invention. In this regard, preferable is the metal oxide sal which shows a 
refractive index of 1 .6 or higher when being formed into a thin film. Examples of such metal oxide sols include Ti0 2 sol 
(e.g., a hydrolyzed solution of TYZER TE from DuPont in methanol, a solid content of 15 wt%), Ce0 2 sol (e.g., Colloi- 

40 dalceriasoi from Nyacol, a solid content of 20 wt%), Ti0 2 -Fe 2 03-Si0 2 sol (e.g., Optolake 1 1 30F-2(A-8) from Catalyst & 
Chemicals Co., Ltd., a solid content of 30 wt%, dispersed in ethanol), Ti0 2 -Ce0 2 -Si0 2 sol (e.g., Optolake 1130A(A-8) 
from Catalyst & Chemicals Co., Ltd., a solid content of 30 wt%, dispersed in methanol), Ti0 2 -Zr0 2 -Si0 2 sol (e.g., 
Optolake 1130Z from Catalyst & Chemicals co., Ltd., a solid content of 15 wt%, dispersed in water), Ti0 2 -Ce0 2 sol 
(e.g., a product from Catalyst & Chemicals co., Ltd., a solid content of 20 wt%, dispersed in methanol), and Ce0 2 -Si0 2 

45 sol (e.g., tetraethoxysilane (TEOS) hydrolyzed in aqueous Ce0 2 solution and methanol, CeO^SiO^SS/IS w/w, a solid 
content of 15 wt%). 

[0015] Even if having a solid content of as much as 30 weight %, the highly refractive, inorganic sols may be used 
in entirety. However, it is preferred that the highly refractive, inorganic sols are diluted to a solution ranging, in solid con- 
tent, from 14 to 16 weight %. For instance, if the solid content is too low, a desired refractive index cannot be obtained. 

50 On the other hand, when the solid content exceeds 16 weight %, great care must be taken when the highly refractive, 
inorganic sol solution is added in the conductive polymer-containing coating solution lest gelation should occur. In the 
polymer composition of the present invention, the inorganic sol is preferably added at an amount of 0.5-20 weight %. 
For example, if too little inorganic sol is added, a desired refractive index of as high as 1 .6 cannot be achieved in the 
resulting polymer thin film. On the other hand, the amount of the inorganic sol is over 20 weight %, the thin film is supe- 

55 rior in refractivity, but poor in conductivity, for example, shows a surface resistance of 10 8 QJn or higher. Further, the 
excessive amount causes gelation in the solution, making it difficult to obtain a highly uniform thin film. 
[0016] In the present invention, a mix of alcohol and amide is used as a dispersion medium for the aqueous PEDT 
conductive solution and the highly refractive, inorganic sol solution. When an alcohol solvent is used alone, the coating 
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is deteriorated in conductivity. In contrast, a combination of an alcohol and an amide brings about a substantial improve- 
ment in the conductivity of the coating, saving the aqueous PEDT conductive polymer solution. In other words, a suffi- 
cient conductivity can be obtained even at a reduced amount of PEDT conductive polymer. Accordingly, an economical 
advantage can be brought about. In addition, the use of an alcohol and an amide in combination lowers the occurrence 

5 frequency of the gelation, giving a great contribution to a long-term stabilization of the composition. 

[0017] Useful are alcohols containing 1-3 carbon atoms, exemplified by methanol, ethanol, and isopropanol. Pref- 
erence is in the order of methanol, ethanol and isopropanol. These alcohol solvents may be used alone or in combina- 
tion. If two alcohol solvents are used in combination, methanol preferably composes 50 % or more of the mixed alcohol 
when dispersibility is taken into account. 

10 [0018] As for the amide solvent useful in the present invention, it has an intramolecular amide group [-N(R)-C=OJ 
(R=alkyl). Examples of the amide solvents include formamide (FA), N-methylformamide (NMFA), N,N-dimethylforma- 
mide (DMF), acetamide (AA), N-methylacetamide (NMAA), N,N-dimethylacetic amide (DMA), N-methylpropion amide 
(NMPA) and N-methylpyrrolidone (NMP). 

[0019] The dispersion medium comprises 50-97.4 weight % of the alcohol solvent and 0.1-10 weight % of the 

15 amide solvent. When the amide solvent is used at an amount of less than 0.1 weight %, desired conductivity cannot be 
attained. On the other hand, if the amide solvent is used at an amount of more than 10 weight %, conductivity can be 
brought into a desirable range, but the amide solvent remains at a trace amount owing to its high boiling temperature 
even after sintering at 150 °C, so that the long-term stability of the composition may be deleteriously affected. Further, 
after coating, the residual amide solvent retards a subsequent process such as a secondary coating process. 

20 [0020] With a composition comprising the aqueous PEDT conductive polymer solution, the highly refractive, inor- 
ganic sol solution, the alcohol solvent and the amide solvent, there may be obtained a desirable effect. However, if the 
PEDT is present at an amount of less than 10 weight %, the coating shows poor dispersibility and adhesiveness on a 
coating surface which is not sufficiently clean. In this case, water- or alcohol-soluble resin binders are used to prevent 
the deterioration of dispersibility and adhesiveness. 

25 [0021] Examples of useful resin binders include polymethylmethacrylate (PMMA), polyacrylate (PAA), polyvinylal- 
cohol (PVOH), polyvinylacetal (PVAT), polyvinylbutyral (PVB), methyl cellulose (MC), hydroxypropyl cellulose (HPC), 
hydroxyethyl cellulose (HEC), and polyvinylacetate (PVAc). These resin binders are preferably added in solution form 
(e.g., alcohol or water solution). It is preferable that the resin binder solution is added at a solid amount of 0.005-0.1 
weight %. When the amount of the resin binder is less than 0.005 weight %, a desirable effect is not brought about in 

30 substrate adhesiveness so that the dispersibility of the coating is poor. On the other hand, when the amount exceeds 
0.1 weight %, the high viscosity of the resin binder causes the coating to have a pattern of comb teeth after spin coating. 
[0022] In accordance with the present invention, the PEDT conductive polymer is further doped with monomer 
dopants containing sulfonic acid groups in order to better the conductivity of the coating. Examples of the monomer 
dopants include p-toluene sulfonic acid (p-TSA), dodecyl benzene sulfonic acid (DDBSA), 1,5-anthraquinone disulfonic 

35 acid (1 ,5-AQSA), 2,6-anthraquinone disulfonic acid (2,6-AQSA), anthraquinone disulfonic acid (AQSA), 4-hydroxyben- 
zene sulfonic acid (4-HBSA), methylsulfonic acid (MSA) and nitrobenzene sulfonic acid (NBSA). In the case that the 
monomer dopants exist as salts, such as sodium salts, they can be converted to acid forms using a nitric acid solution 
(pH 2). For use, the dopants in an acid form are made into an aqueous solution which has a concentration of 1-4 weight 
% and preferably 1-2 weight %. 

40 [0023] In an aspect of dispersibility, a better result can be brought about when the monomer dopants are added as 
an aqueous solution form than when they are added as a solid form or crude liquid form. The dopants are preferably 
used at a solid amount of 0.005-0.05 weight % based on the weight of the composition. For instance, when the dopants 
are added at an amount of less than 0.005 weight %, there are obtained no positive effects on the conductivity. On the 
other hand, when the dopants are used at an amount exceeding 0.05 weight %, their poor dispersibility results in poor 

45 conductivity. 

[0024] The polythiophene-based, conductive polymer composition of high conductivity, refractivity and transpar- 
ency may be prepared by adding a PEDT conductive polymer with a highly refractive, inorganic sol solution, an alcohol 
solvent, an amide solvent, a sulfonic acid monomer dopant, and a water- or alcohol-soluble resin binder solution, in due 
order, with vigorous stirring and by mixing them homogeneously for 2-4 hours. Although having only a minute influence 

so on the physical properties of the composition, the addition order is the above-enumerated order of the ingredients. 
[0025] With reference to Fig. 2, there is shown a coating structure on a CRT glass panel, in accordance with the 
present invention. In order to form a thin film of low reflectivity, high conductivity, and high transparency, first, a CRT 
external glass 6 is polished with Ce0 2 , washed with ethanol, and dried. On this CRT external glass, the polymer com- 
position is spin-coated at a thickness of about 100 nm to give a highly refractive, conductive layer 5 (Rl=1 .6-2.0). There- 

55 after, a tetraethoxysilane (TEOS)-hydrolyzed Si0 2 sol solution is spin-coated on the highly refractive, conductive layer 
to form a low refractive layer 4 (Rl=1 .45) about 95 nm thick. Finally, the coatings are dried at 1 50-200 °C for 0.5-1 hour 
to produce a hard film. 

[0026] A better understanding of the present invention may be obtained in light of the following examples which are 
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set forth to illustrate, but are not to be construed to limit the present invention. In the following examples, polymer com- 
positions for coatings with high refractivity, conductivity and transparency were prepared from the components as fol- 
lows: Aqueous PEDT conductive solution: 

[0027] Baytron P 4071 (solid content 1 .3 weight%) from Bayer Highly refractive solution: 

5 

Ti0 2 -Fe 2 0 3 -Si02 sol (Optolake 1 130F-2(A-8), EtOH dispersed); 
Ti0 2 -Ce0 2 -Si0 2 sol (Optolake 1130A(A-8), MeOH dispersed); 
Ti0 2 -Zr0 2 -Si0 2 sol (Optolake 1 130Z, water dispersed); 

Ti0 2 -Ce0 2 sol (MeOH dispersed) (all were products from Catalyst & Chemicals Co., Ltd., Japan); 
10 Ce0 2 -Si0 2 sol (SCG sol, TEOS hydrolyzed in aqueous Ce0 2 solution and methanol, Ce0 2 /Si0 2 =85/1 5 w/w). 

Alcohol solvent and Amide solvent: 

[0028] Products purchased from Aldrich were used without modification. 
EXAMPLES I TO XII 



[0029] Coating compositions were prepared as indicated from Table 1 , below. In this regard, while being vigorously 
stirred in a 1 liter glass jar, aqueous PEDT conductive polymer solutions were added with highly refractive sol solutions 
20 dispersed in methanol, alcohol solvents, and amide solvents, in sequence, and the resulting solutions were sufficiently 
stirred for 3 hours at room temperature to give coating compositions. They were coated to a thickness of about 100 nm 
on glass surfaces and measured for physical properties. The results are given in Table 1 , below. 



TABLE 1 





Ex. Nos. 


Compositions (wt%) 


Physical Properties of Coating 








Surf. Resist. (KO/n) 


Transmitt. (T%) 


Refra. Index 


Uniformity 


30 


1 


PEDT(aq) /Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(18/3.6/77.9/0.5) 


4 


96 


1.62 


Good 


35 


2 


PEDT(aq) /Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(15/3/81/1) 


6 


97 


1.70 


Good 




3 


PEDT(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/2/86/2) 


12 


98 


1.72 


Good 


40 


4 


PEDT(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol ( MeOH )/MeOH/NMAA 
(6/1 .2/88.8/4) 


50 


98 


1.70 


Good 


45 


5 


PEDT(aq)/Ti0 2 -Fe 2 0 3 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/2/86/2) 


15 


98 


1.75 


Good 




6 


PEDT(aq)/Ti0 2 -Zr0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/1 .5/84.5/4) 


12 


98 


1.70 


Good 


50 


7 


PEDT(aq)/Ti0 2 -Ce0 2 
sol(MeOH)/MeOH/NMAA 
(10/1/88.5/0.5) 


14 


98 


1.77 


Good 


55 


8 


PEDT(aq)/Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(8/1.5/89.5/1) 


18 


98 


1.75 


Good 
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TABLE 1 (continued) 



Ex. Nos. 


Compositions (wt%) 


Physical Properties of Coating 






Surf. Resist. (KQJn) 


Transmitt. (T%) 


Refra. Index 


Uniformity 


9 


PEDT(aq)/Ti0 2 -Zr0 2 Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/1/83/6) 


20 


98 


1.65 


Good 


10 


PEDT(aq)/Ti0 2 -Zr0 2 Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/1/87/2) 


8 


98 


1.64 


Good 


11 


PEDT(aq)/Ti0 2 -Zr0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(8/1.5/82.5/8) 


30 


98 


1.68 


Good 


12 


PEDT(aq)/Ti0 2 -Zr0 2 -Si0 2 
sol(MeOH)/MeOH/EtOH/NMA 
A (10/1 .5/69.2/17.3/2.0) 


15 


98 


1.70 


Good 



EXAMPLES XIII TO XX 



[0030] The same procedure as in Example I was repeated using the compositions according to the indications of 
Table 2, below. In these examples, resin binders and monomer dopants were additionally used added to the basic com- 
positions of Examples I to XII. As the resin binders, PAA (water soluble), HPC (methanol soluble), PVB (ethanol solu- 
ble), and PVAc (ethanol soluble) were used. For the monomer dopants, p-TSA (water soluble), and 4-HBSA (water 
soluble) were selected. They were all purchased from Aldrich, U.S.A. For easy addition, the resin binders and the mon- 
omer dopants were diluted to 1 % aqueous solutions or alcohol solutions. 

[0031] The coatings were formed from the compositions and measured for physical properties. The results are 
given in Table 2, below. 



TABLE 2 



Ex. Nos. 


Compositions (wt%) 


Physical Properties of Coating 






Surf. Resist. (KQ/n) 


Transmitt. (T%) 


Refra. Index 


Uniformity 


13 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/PAA 
(8/1/88.5/2/0.5) 


14 


98 


1.72 


Good 


14 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/HPC 
(8/1/87/2/2) 


12 


98 


1.71 


Good 


15 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/PVB 
(6/0.8/89.7/3/0.5) 


30 


98 


1.70 


Good 


16 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/PVA 
c (6/0.8/84.2/5/4) 


40 


98 


1.70 


Good 


17 


PEDP(aq)/Ti0 2 -Zr0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/HPC 
/p-TSA (8/1/87/2/1/1) 


12 


98 


1.72 


Good 


18 


PEDP(aq)/Ti0 2 -Zr0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA/HPC 
/p-TSA (8/1/86/2/1/2) 


8 


98 


1.72 


Good 
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TABLE 2 (continued) 





Ex. Nos. 


Compositions (wt%) 


Physical Properties of Coating 








oUn. rtesiSI. {iNiZ/OJ 


iransmin. \ \ /o) 


neira. inuex 


LiniiorrTiiiy 


5 


iy 


r Cur \cK\)i I IU2 -L-WJ^ OIW 2 

sol(MeOH)/MeOH/NMAA/HPC 
/p-TSA (8/1/84/2/1/4) 


6 


98 


1.71 


Good 


10 


20 


PEDP(aq)/Ti0 2 -Zr0 2 -Si02 
sol(MeOH)/MeOH/NMAA/HPC 
/4-HBSA (8/1/86/2/1/2) 


9 


98 


1.71 


Good 



COMPARATIVE EXAMPLES I TO VI 



15 [0032] In these Comparative Examples, the ratios of the gradients of the composition were deviated from the range 
of the present invention. The same procedure as in Example I was repeated using the compositions according to the 
indications of Table 3, below. The coatings were measured for physical properties and the results are given in Table 3, 
below. 



20 

TABLE 3 





Ex. Nos. 


PEDT/Alcohol/Amide/Dopant 
(wt%) 


Physical Properties of Coating 


25 






Surf. Resist. (KQJn) 


Transmits (T%) 


Refra. Index 


Uniformity 




C.1 


PEDP(aq)/Ti0 2 -Ce0 2 -Si02 
sol(MeOH)/MeOH/NMAA 
(10/0/88/2) 


6 


98 


1.30 


Good 


30 


C.2 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(10/0.4/87.6/2) 


8 


98 


1.55 


Good 


35 


C.3 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(20/25/53/2) 


20 


94 


1.65 


Poor 




C.4 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(30/10/54/6) 


4 


88 


1.62 


Poor 


40 


C.5 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(1/1/94/4) 


8x1 0 6 


99 


1.70 


Good 


45 


C.6 


PEDP(aq)/Ti0 2 -Ce0 2 -Si0 2 
sol(MeOH)/MeOH/NMAA 
(6/2/91.95/0.05) 


5x1 0 6 


98 


1.72 


Good 



Assay for Physical Properties 

so [0033] Conductivity: measured for surface resistance per area using a multimeter. 

[0034] Transmittance: measured at 550 nm using a UV-visible spectrometer. 

[0035] Coating Refractivity: measured using the Ellipsometer of SamJung Optical Industries. 

[0036] Coating Uniformity: evaluated as poor when coatings were non-uniform or gelled materials were present in 

coatings under observation with the naked eye. 
55 [0037] As described hereinbefore, the coating compositions of the present invention can be applied to CRT external 

glass and other transparent substrates to allow thin films which have a refractive index of 1 .6-2.0, a transmittance of 90- 

98 % and a surface resistance of 1x10 3 -1x10 8 &/□ . 

[0038] The present invention has been described in an illustrative manner, and it is to be understood that the termi- 
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nology used is intended to be in the nature of description rather than of limitation. Many modifications and variations of 
the present invention are possible in light of the above teachings. Therefore, it is to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically described. 



5 Claims 



1 . A polymer composition for coatings with high refractivity, conductivity and transparency, comprising: 

2-20 weight % of an aqueous polythiophene-based conductive polymer solution having a solid content of 1 .2- 
w 1 .5 weight %; 

0.5-20 weight % of a highly refractive, inorganic sol solution having a solid content of 14-16 weight %; 
50-97.4 weight % of an alcohol containing 1-3 carbon atoms; 
0.1-10 weight % of an amide solvent; 

0.005-0.1 weight % of a water- or an alcohol-soluble resin binder; and 
15 0.005-0.05 weight % of a sulfonic acid group-containing monomer dopant. 

2. A polymer composition as set forth in claim 1 , wherein the aqueous polythiophene-based conductive polymer solu- 
tion is an aqueous polyethylenedioxythiophene solution. 

20 3. A polymer composition as set forth in claim 1 , wherein the highly refractive, inorganic sol solution has a refractive 
index of 1 .6 or higher and is selected from the group consisting of Ti0 2 sol, Ce0 2 sol, Ti02-Fe 2 0 3 -Si02 sol, Ti0 2 - 
Ce0 2 -Si0 2 sol, Ti0 2 -ZrO 2 -Si0 2 sol, Ti0 2 -Ce0 2 sol, Ce0 2 -Si0 2 sol and mixtures thereof. 

4. A polymer composition as set forth in claim 1 , wherein the amide solvent is selected from the group consisting of 
25 formamide, N-methylformamide, N,N-dimethylformamide, acetamide, N-methylacetamide, N,N-dimethylaceta- 

mide, N-methylpropion amide, N-methylpyrrolidone, and mixtures thereof. 

5. A polymer composition as set forth in claim 1 , wherein the resin binder is selected from the group consisting of 
polymethylmethacrylate, polyacrylate, polyvinylalcohol, polyvinylacetal, polyvinylbutyral, methylcellulose, hydroxy- 

30 propylcellulose, hydroxyethylcellulose, polyvinylacetate, and mixtures thereof. 

6. A polymer composition as set forth in claim 1 , wherein the sulfonic acid group-containing monomer dopant is 
selected from the group consisting of p-toluene sulfonic acid, dodecylbenzene sulfonic acid, 1,5-anthraquinonedi- 
sulfonic acid, 2,6-anthraquinonedisulfonic acid, anthraquinonesutfonic acid, 4- hydroxy benzene sulfonic acid, meth- 

35 ylsulfonic acid, nitrobenzene sulfonic acid and mixtures thereof. 

7. A refractive, conductive, transparent thin film, prepared by spin- or spray-coating on a cathode ray tube external 
glass a composition comprising 2-20 weight % of an aqueous polythiophene-based conductive polymer solution 
having a solid content of 1.2-1.5 weight %; 0.5-20 weight % of a highly refractive, inorganic sol solution having a 

40 solid content of 14-16 weight %; 50-97.4 weight % of an alcohol containing 1-3 carbon atoms; 0.1-10 weight % of 
an amide solvent; 0.005-0.1 weight % of a water- or an alcohol-soluble resin binder; and 0.005-0.05 weight % of a 
sulfonic acid group-containing monomer dopant and by baking the coating at 150-200 °C for 0.5-1 hour, wherein 
the thin film has a refractive index of 1.6-2.0, a transmittance of 90-98 % and a surface resistance of 
1x10 3 -1x10 8 Q/n. 

45 
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[Fig 1] 

Reflected Light 
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